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corrects the focus evaluation value using the calculated cor-
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22 Claims, 10 Drawing Sheets

100 120
r A N M A N
A o 122
1i’2 103 104 121
123 124
111 112 113 I
) ! IMAGE SENSOR | |IMAGE PROCESSING
200M _ |[APERTURE-SHUTTER|[  Focus DRIVE CIRCUIT CIRCUIT
ACTUATOR ACTUATOR ACTUATOR 125
114 115 | 146 L ON-MAGING _ 129
ZOOM DRIVE | | APERTURE-SHUTTER | | FOCUS DRIVE CAMERAMPU | T S%FTEQEC&EF,’\,HL{AS E
CIRCUIT DRIVE CIRCUIT CIRCUIT FOCUS DETECTOR
TV-AFFocUs  [130
H| DETECTOR

118

LENS
MEMORY

DISPLAY 126

125a  125b

127

1 OPERATION SW
125¢

MEMORY 128



US 9,407,813 B2

Sheet 1 of 10

Aug. 2, 2016

U.S. Patent

gzi~  AOWIW
a6z1L
| msNoiwvdado H — gLl
¥4} i {
NOdd33 AHOWAN
ozL~] AV1dSIa x SNIT
vy | | wod . _
¥olo3lda  |H = 7 m NdW
ocL~  SNO04 dv-AL qgzl  eszl | XT|  sNI1 [ L
i I
¥0.103130 SNJ0A L Linowd 1INO¥ID FANA 1INDYID
JONIH344I0 | NdN YH3aNYO m .
SgonaaaAd m w>_% SNJ04 mmtxa_._m IYNLY3dY || 3ama _\‘oow
6L~ ONIOVAI-NO 7 L 9L SLL AN
czZL !
_ i | wolvniov HOLVYNLOY HOLYNLOY
1INDYID 1INOYID FAINA “ SN204 YILLNHS-3HNLYAdY WO0Z
ONISSIO0Hd FOVAI| | HOSNIS JOVNAI h ) 7
7 7 LELL ZLL LLL
vzl ezl m
T4 (]’ €0l Nﬁ_:
r44) _ DT a—
\ v JIN vo " 10l ) _
0zl 001 1 ©14d



U.S. Patent Aug. 2, 2016 Sheet 2 of 10 US 9,407,813 B2




US 9,407,813 B2

Sheet 3 of 10

Aug. 2, 2016

U.S. Patent

(375

1INJ¥ID ONINNYOIS TVLNOZIHYOH

”__H H__H ”__“ ”__“ ”__“ __ __ __ 1INDYIO

ONINNVOS

00 i O O i O O

evsv (1) A0 (0 O {0 ({0 {0

\
-~

avsi
ezsL 7, o {

el \ 92esl eGl
qiie

€ Ol4



U.S. Patent Aug. 2, 2016 Sheet 4 of 10 US 9,407,813 B2

FI1G. 4A
101
2 101b
EP1b
EP1a .
102b
! 102
t ‘ 102a}
ClLa CLb 104b
f_/
Zep
| J
Z > 211
ﬂ—[ _ 1‘-\
X 211b 211a
FIG. 4B
Y

7 ]
EP1a 1 "N\

TL,102a

N /




US 9,407,813 B2

Sheet 5 of 10

Aug. 2, 2016

U.S. Patent

ANTVA NOLLYNTVAS
AV3d VIV

ANTVA NOLLYNTVAS
TVHOALNI ANV

ANTVA NOILYNTVAS
NIN-XVIA

ANTVA NOLLYNTVAS
VHOILNI A

ANTVA NOLLYNTVAS
AY3d A

»| 43 T108.LNOD 4v
Nz
el Nd YH3NYOD
Inodo |,
ONILLIS Y3
1INJYID NOILO3LEa =
Wad WOIiLdaA [ ¢ Mv
W Zad f_
1INONI0 NOILVEO LN 11N0YI0 NOILO3LAa ]
WOILYIA B wadani [ 398 [
] Zad 607~ T Zad
1INDYID NOILO3L3d ~ 1INOYI0 NOILO3L3A |+
yv3d TYOIL3A AI,]A;,UT INTYA WOWINIA 3NMT
00— Yor—
1INONID NOILVEDILNI | LINOYIO NOILYNOILNI e
WOILYIA Vv Y WLNOZIMOH
90t~ (1] Al
LINOHIO NOLLO3LIA | LINOYIONOLLOALAA ey |y ool DU ]
x/ma WOILH3A w/ma ann osaootd TV
Sop Z0v T
40103130 SND04 4v-AL
S 'Ol4 oo




US 9,407,813 B2

Sheet 6 of 10

Aug. 2, 2016

U.S. Patent

FIG. 6

218ah

219a 219b

249c



U.S. Patent Aug. 2, 2016 Sheet 7 of 10

FIG. 7A ( AF PROCESS START )

/

US 9,407,813 B2

SET FOCUS CONTROL AREA

/

CLOSENESS DETERMINATION FLAG =1

/

OBTAIN IMAGE SIGNAL AND CALCULATE
FOCUS EVALUATION VALUE OF
EACH FOCUS DETECTION AREA

FOCUS EVALUATION
VALUE PEAK DETECTED
?

NO

CALCULATE DEFOCUS AMOUNT BY

AND DETERMINE RELIABILITY

ON-IMAGING SURFACE PHASE DIFFERENCE AF, |~ S5

DEFOCUS AMOUNT
CALCULATED INALL FOCUS
DETECTION AREAS?

CALCULATE BP CORRECTION VALUE

/

CORRECT IN-FOCUS POSITION BY
EACH CORRECTION VALUE

Y

DRIVE LENS TO IN-FOCUS POSITION

~ S22

Y

DISPLAY IN-FOCUS INDICATION

~$23

-
-t

/

( AF OPERATION END )




US 9,407,813 B2

Sheet 8 of 10

Aug. 2, 2016

U.S. Patent

3dIS 3LINIANI OL INNOWY
J3aNINY313034d
A9 SNIT3IAINA

91S~

S3A

2
S1SIX3

L 1S ~0=9V14 NOILYNINY313d SSINISOT0

[}

|

3dIS 3S010 OL INNOWY
J3NINY313034d A8 SN3T 3AINA

aalvyinoIvo S
1INNOWY SN2043a HOIHM
ON NI Y34V NOI10313d
SND04 clS
NOTLVOIQNT ' 31535070 0L INNOWY
SNO04-40-1N0 AV1dSId AaNINY313a34d
@ 6LS ' A9 SN313AINA
I -z
INIOd @3x14 OL SN3IT3IAINA
Yol 3018
LON ALINIANI NO 103rdns
2 ONINIYLNOD Y3¥Y NOILD3L3a
S1SIX3 SN204 AINO
aaLvINovo S
INNOWY SN2043a HOIHM €is
S3A NI V34V NOI10313d

SNOC4
LIS

¢
4<d31vIno1vo

ON

a4, Ol4

40 3ONVHO
ZLs

LON SI INNOWV SNO043d
HOIHM NI V3dY NOILO3.13d SNO04
NI INTYA NOILYNTVYAS SNOOA

(
103r8NS 1535070 6S
404 INNOWV Snood3a|  S3A
NO G35v8 SNI1 IANG ;
7 ¢ QTOHSTYHL
0LS S 193raNS 153500

OL INNOWY SN0043d 4O
¢d3.LY1NOTVO

SI INNOWY SN2043d HOIHM

NI V34V NOILO3.13d

SNO04 ON

88

12
I = OV14 NOILYNINY313d
SSAN3SO10




U.S. Patent Aug. 2, 2016 Sheet 9 of 10

FIG. 8

BP CORRECTION
VALUE CALCULATION

Y

US 9,407,813 B2

OBTAIN BP CORRECTION INFORMATION

~—38100

Y

SET FOCUS DETECTION METHOD AND READ
MODE FOR CALCULATING CORRECTION VALUE

~ 38101

Y

CALCULATE CORRECTION VALUE

~— 38102

Y
C RETURN )

FIG. 9

BP CORRECTION VALUE

~— BP2-3

AY

AY

)

~ BP2-2
~— BP2-1

)

A
)

~— BP3-1

~ BP3-3

~— BP3-2

BP2 BP3



US 9,407,813 B2

Sheet 10 of 10

Aug. 2, 2016

U.S. Patent

[

¢9 ANV '¥0 €0 'S0 '¥0 ‘€0 '20 10 ‘00 NIV.LEO

(
20z}

19 ANV ‘20 10 6D '¥0 €D '20 'L '00 NIVLEO0

/

(
q0Z1

GO ANV ¥ €D 2D 10 ‘00 NIVLE0

Y

[

(
B0zl

0L ©OlA4

¢9 19 %0 ‘€0 20 10
G0 ¥3'€3°C0 1000

001




US 9,407,813 B2

1
IMAGE CAPTURING APPARATUS,
CONTROL METHOD OF IMAGE
CAPTURING APPARATUS, AND IMAGE
CAPTURING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image capturing appa-
ratus, a control method of the image capturing apparatus, and
animage capturing system, and more specifically, to an image
capturing apparatus having auto focus control function, a
control method of the image capturing apparatus, and an
image capturing system.

2. Description of the Related Art

Typical schemes of focus control methods for image cap-
turing apparatuses include a contrast AF scheme and a phase
difference AF scheme. The contrast AF scheme and the phase
difference AF scheme are AF schemes widely used in video
cameras and digital still cameras, with an image sensor being
used as a focus detection sensor. In these focus control meth-
ods, focus detection results may contain errors due to various
aberrations of an optical system. Various methods have been
proposed to reduce such errors.

For example, Japanese Patent No. 5087077 discloses a
method of calculating a correction value for correcting a
focus detection result in accordance with a frequency band for
evaluation of a signal used for focus detection. Regardless of
the above-mentioned focus control methods, such a focus
detection error occurs depending on, for example, a fre-
quency band for evaluation of a focus control signal used in
the contrast AF scheme or the phase difference AF scheme.

With the structure described in Japanese Patent No.
5087077, however, when the number of kinds of signals used
for focus detection is larger, more correction values are
needed. This requires more memory to store the correction
values, leading to an increase in cost. Especially in the case of
an image capturing apparatus having auto focus control func-
tion to which an interchangeable imaging lens unit can be
attached, the imaging lens unit needs to store correction val-
ues corresponding to different focus detection functions or
different focus detection methods, and the need for more
memory leads to an increase in cost of the imaging lens unit.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the above situation, and prevents an increase in memory
capacity required for storing correction values without loss of
accuracy in correcting focus detection results in an image
capturing apparatus.

According to the present invention, provided is an image
capturing apparatus comprising: a focus detection unit con-
figured to detect, based on a signal output from an image
sensor, a focus evaluation value for controlling an imaging
optical system to be in an in-focus state using one of a plu-
rality of different focus detection methods; a correction unit
configured to correct the focus evaluation value in accordance
with the focus detection method used for the detection; and a
storage unit configured to store information for calculating a
reference correction value for correcting a focus evaluation
value detected using a predetermined focus detection method
from among the plurality of different focus detection meth-
ods, and information for calculating, from the reference cor-
rection value, a correction value for correcting a focus evalu-
ation value detected using a focus detection method other
than the predetermined focus detection method from among
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the plurality of different focus detection methods, wherein the
correction unit is configured to calculate a correction value
for correcting the focus evaluation value using the informa-
tion stored in the storage unit, and correct the focus evaluation
value using the calculated correction value.

Further, according to the present invention, provided is an
image capturing apparatus comprising: an image sensor read-
able at different resolutions; a focus detection unit configured
to detect, based on a signal output from the image sensor, a
focus evaluation value for controlling an imaging optical
system to be in an in-focus state using one of a plurality of
different focus detection methods; a correction unit config-
ured to correct the focus evaluation value in accordance with
a combination of a resolution during image capturing and the
focus detection method used for the detection; and a storage
unit configured to store information for calculating a refer-
ence correction value for correcting a focus evaluation value
detected using a predetermined combination from among a
plurality of combinations of the different resolutions and the
plurality of different focus detection methods, and informa-
tion for calculating, from the reference correction value, a
correction value for correcting a focus evaluation value
detected using a combination other than the predetermined
combination from among the plurality of combinations of the
different resolutions and the plurality of different focus detec-
tion methods, wherein the correction unit is configured to
calculate a correction value for correcting the focus evalua-
tion value using the information stored in the storage unit, and
correct the focus evaluation value using the calculated cor-
rection value.

Furthermore, according to the present invention, provided
is an image capturing system comprising an imaging optical
system and an image capturing apparatus, wherein the image
capturing apparatus includes: a focus detection unit config-
ured to detect, based on a signal output from an image sensor,
a focus evaluation value for controlling the imaging optical
system to be in an in-focus state; and a correction unit con-
figured to correct the focus evaluation value in accordance
with a focus detection method used for the detection, the
imaging optical system includes a storage unit configured to
store information for calculating a reference correction value
for correcting a focus evaluation value detected using a pre-
determined focus detection method from among a plurality of
different focus detection methods, and information for calcu-
lating, from the reference correction value, a correction value
for correcting a focus evaluation value detected using a focus
detection method other than the predetermined focus detec-
tion method from among the plurality of different focus
detection methods, wherein the imaging optical system out-
puts, from among the information stored in the storage unit,
information corresponding to the focus detection method
used for the detection by the focus detection unit, to the image
capturing apparatus, and the correction unit is configured to
calculate a correction value for correcting the focus evalua-
tion value using the information output from the imaging
optical system, and correct the focus evaluation value using
the calculated correction value.

Further, according to the present invention, provided is an
image capturing system comprising an imaging optical sys-
tem and an image capturing apparatus, wherein the image
capturing apparatus includes: an image sensor readable at
different resolutions; a focus detection unit configured to
detect, based on a signal output from the image sensor, a focus
evaluation value for controlling the imaging optical system to
be in an in-focus state; and a correction unit configured to
correct the focus evaluation value in accordance with a reso-
Iution during image capturing and a focus detection method
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used for the detection, the imaging optical system includes a
storage unit configured to store information for calculating a
reference correction value for correcting a focus evaluation
value detected using a predetermined combination from
among a plurality of combinations of different resolutions
and plurality of different focus detection methods, and infor-
mation for calculating, from the reference correction value, a
correction value for correcting a focus evaluation value
detected using a combination other than the predetermined
combination from among the plurality of combinations of
different resolutions and plurality of different focus detection
methods, wherein the imaging optical system outputs, from
among the information stored in the storage unit, information
corresponding to the combination used in the image capturing
apparatus, to the image capturing apparatus, and the correc-
tion unit is configured to calculate a correction value for
correcting the focus evaluation value using the information
output from the imaging optical system, and correct the focus
evaluation value using the calculated correction value.

Further, according to the present invention, provided is a
control method of an image capturing apparatus, comprising:
detecting, based on a signal output from an image sensor, a
focus evaluation value for controlling an imaging optical
system to be in an in-focus state using one of a plurality of
different focus detection methods; obtaining information cor-
responding to the focus detection method used for the detec-
tion of the focus evaluation value from a storage unit storing
information for calculating a reference correction value for
correcting a focus evaluation value detected using a predeter-
mined focus detection method from among the plurality of
different focus detection methods and information for calcu-
lating, from the reference correction value, a correction value
for correcting a focus evaluation value detected using a focus
detection method other than the predetermined focus detec-
tion method from among the plurality of different focus
detection methods; calculating a correction value for correct-
ing the focus evaluation value using the obtained information;
and correcting the detected focus evaluation value using the
calculated correction value.

Further, according to the present invention, provided is a
control method of an image capturing apparatus, comprising:
detecting, based on a signal output from an image sensor
readable at different resolutions, a focus evaluation value for
controlling an imaging optical system to be in an in-focus
state using one of a plurality of different focus detection
methods; obtaining information corresponding to a combina-
tion used for the detection of the focus evaluation value from
a storage unit storing information for calculating a reference
correction value for correcting a focus evaluation value
detected using a predetermined combination from among a
plurality of combinations of the different resolutions and the
plurality of different focus detection methods and informa-
tion for calculating, from the reference correction value, a
correction value for correcting a focus evaluation value
detected using a combination other than the predetermined
combination from among the plurality of combinations of the
different resolutions and the plurality of different focus detec-
tion methods; calculating a correction value for correcting the
focus evaluation value using the obtained information; and
correcting the detected focus evaluation value using the cal-
culated correction value.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
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ments of the invention, and together with the description,
serve to explain the principles of the invention.

FIG. 1is ablock diagram schematically showing the struc-
ture of a digital camera according to an embodiment of the
present invention;

FIG. 2 is a plan view of light receiving pixels as seen from
the lens unit side according to the embodiment;

FIG. 3 is a diagram schematically showing the structure of
an image sensor including a read circuit according to the
embodiment;

FIGS. 4A and 4B are diagrams for describing the conjugate
relation between an exit pupil plane of an imaging optical
system and photoelectric converters of a pixel located around
the center of an imaging plane according to the embodiment;

FIG. 5 is a block diagram mainly showing the structure of
a TV-AF focus detector according to the embodiment;

FIG. 6 is a diagram showing an example of focus detection
areas according to the embodiment;

FIG. 7A is a flowchart showing an AF operation according
to a first embodiment;

FIG. 7B is a flowchart showing the AF operation according
to the first embodiment;

FIG. 8 is a flowchart showing an operation of calculating a
BP correction value according to the first embodiment;

FIG. 9 is a diagram for describing a method of calculating
a BP correction value according to the first embodiment; and

FIG.101s a conceptual diagram showing information com-
munication between a lens unit and a removable camera body
in a second embodiment.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention will be
described in detail in accordance with the accompanying
drawings.

First Embodiment

A first embodiment describes an example of applying the
present invention to a single-lens reflex digital camera for
which a lens is interchangeable.

Description of Structure of Image Capturing Apparatus

FIG. 1is ablock diagram schematically showing the struc-
ture of the digital camera according to the first embodiment.
As mentioned above, the digital camera in the first embodi-
ment is an interchangeable lens type single-lens reflex cam-
era, and includes a lens unit 100 and a camera body 120. The
lensunit 100 is connected to the camera body 120 via a mount
M indicated by the dotted line in the center of the drawing.

The lens unit 100 includes a first lens group 101, an aper-
ture-shutter 102, a second lens group 103, a focus lens group
(hereafter simply referred to as a “focus lens”) 104, and a
drive/control system. The lens unit 100 thus includes the
focus lens 104 and the imaging lens unit for forming an image
of'a subject.

The first lens group 101 is located at the front end of the
lens unit 100, and held to be movable forward and backward
in an optical axis direction OA. The aperture-shutter 102
adjusts its aperture diameter to adjust the amount of light
when capturing an image, and also functions as a shutter for
exposure time adjustment when capturing a still image. The
aperture-shutter 102 and the second lens group 103 integrally
move forward and backward in the optical axis direction OA,
to realize a zoom function together with the forward and
backward movement of the first lens group 101. The focus
lens 104 is also moved forward and backward in the optical
axis direction OA to perform focus control.
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The drive/control system includes a zoom actuator 111, an
aperture-shutter actuator 112, a focus actuator 113, a zoom
drive circuit 114, an aperture-shutter drive circuit 115, a focus
drive circuit 116, a lens MPU 117, and a lens memory 118.

The zoom drive circuit 114, according to a zoom operation
by a photographer, drives the zoom actuator 111 to drive the
first lens group 101 and the second lens group 103 forward
and backward in the optical axis direction OA, thus perform-
ing the zoom operation. The shutter drive circuit 115 drives/
controls the aperture-shutter actuator 112 to control the aper-
ture diameter of the aperture-shutter 102, thus adjusting the
amount of light during image capturing and also controlling
the exposure time during still image capturing. The focus
drive circuit 116, based on a focus detection result, drives/
controls the focus actuator 113 to drive the focus lens 104
forward and backward in the optical axis direction OA, thus
performing focus control. The focus actuator 113 has a func-
tion of a position detector for detecting the current position of
the focus lens 104.

The lens MPU 117 performs all computation and control
relating to the lens unit 100, and controls the zoom drive
circuit 114, the aperture-shutter drive circuit 115, the focus
drive circuit 116, and the lens memory 118. The lens MPU
117 detects the current lens position, and provides lens posi-
tion information in response to a request from a camera MPU
125. The lens position information includes information
about the optical axial position of the focus lens 104, the
optical axial position and diameter of an exit pupil in a state
where the imaging optical system is not moving, and the
optical axial position and diameter of a lens frame that limits
the light flux of the exit pupil. The lens memory 118 stores
optical information necessary for auto focus control.

The camera body 120 includes an optical low-pass filter
(LPF) 121, an image sensor 122, and a drive/control system.
The optical LPF 121 and the image sensor 122 function as an
image sensing optical system for forming a subject image
with a light beam from the lens unit 100. The first lens group
101, the aperture-shutter 102, the second lens group 103, the
focus lens 104, and the optical LPF 121 constitute the above-
mentioned imaging optical system.

The optical LPF 121 reduces false color and moire in a
captured image. The image sensor 122 is composed of a
CMOS sensor and its peripheral circuity, and has m pixels in
the horizontal direction and n pixels in the vertical direction.
The image sensor 122 includes pixels having photoelectric
converters of the structure described later with reference to
FIG. 2, and can output a pair of signals for performing the
below-mentioned focus detection of the phase difference
scheme (phase difference AF). Of the obtained signals, those
to be used for phase difference AF are converted to focus
detection image data by an image processing circuit 124. In
addition, of the obtained signals, those to be used for display,
recording, or focus detection of the contrast scheme are also
transmitted to the image processing circuit 124 and subjected
to predetermined processes depending on purpose.

The drive/control system includes an image sensor drive
circuit 123, the image processing circuit 124, the camera
MPU 125, a display 126, an operation switch group 127, a
memory 128, an on-imaging surface phase difference focus
detector 129, and a TV-AF focus detector 130.

The image sensor drive circuit 123 controls the operation
of'the image sensor 122, and also performs A/D conversion on
an obtained image signal and transmits the converted image
signal to the camera MPU 125 and the image processing
circuit 124. The image processing circuit 124 performs y
conversion, color interpolation, JPEG compression, etc. on
the image signal obtained by the image sensor 122.
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The camera MPU (processor) 125 performs all computa-
tion and control relating to the camera body 120, and controls
the image sensor drive circuit 123, the image processing
circuit 124, the display 126, the operation SW 127, the
memory 128, the on-imaging surface phase difference focus
detector 129, and the TV-AF focus detector 130. The camera
MPU 125 is connected to the lens MPU 117 via a signal line
of'the mount M, and issues, to the lens MPU 117, a request to
obtain the lens position or a request to drive the lens by a
predetermined drive amount, or obtain optical information
unique to the lens unit 100. The camera MPU 125 includes a
ROM 1254 storing a program for controlling camera opera-
tion, a RAM 1255 storing variables, and an EEPROM 125¢
storing various parameters.

The display 126 includes an LCD or the like, and displays
information about the imaging mode of the camera, a preview
image before image capturing and a confirmation image after
image capturing, an in-focus state indication image upon
focus detection, and the like. The operation switch group 127
includes a power switch, a release (imaging trigger) switch, a
zoom operation switch, and an imaging mode selection
switch. The memory 128 in the first embodiment is a remov-
able memory such as flash memory, and records captured
images.

The on-imaging surface phase difference focus detector
129 performs the focus detection process of the phase differ-
ence scheme (on-imaging surface phase difference AF) using
the focus detection image data obtained by the image sensor
122 and the image processing circuit 124. In more detail, the
on-imaging surface phase difference focus detector 129 per-
forms on-imaging surface phase difference AF based on the
deviation of a pair of images formed in focus detection pixels
by a light beam passing through a pair of pupil areas of the
imaging optical system. The method of on-imaging surface
phase difference AF will be described in detail later.

The TV-AF focus detector 130 calculates various TV-AF
evaluation values using contrast components of image infor-
mation obtained by the image processing circuit 124, and
performs the focus detection process of the contrast scheme
(TV-AF). In the focus detection process of the contrast
scheme, focus evaluation values at a plurality of focus lens
positions are calculated while moving the focus lens 104, and
afocus lens position corresponding to a peak focus evaluation
value is detected.

Thus, in the first embodiment, on-imaging surface phase
difference AF and TV-AF are both adopted, and can be used
selectively or in combination depending on situation. The
camera MPU 125 controls the position of the focus lens 104
using the focus detection result of each of on-imaging surface
phase difference AF and TV-AF.

Description of Focus Detection

The following describes focus detection in the digital cam-
era using signals of the image sensor 122 in detail. On-
imaging surface phase difference AF and TV-AF are
employed in the focus detection in the first embodiment. Each
of the AF schemes is described first.

(Description of On-Imaging Surface Phase Difference AF)

On-imaging surface phase difference AF is described first
with reference to FIGS. 2 to 4B. FIG. 2 is a diagram sche-
matically showing a pixel array in the image sensor 122 in the
first embodiment. FIG. 2 shows a two-dimensional CMOS
area sensor in the range of 6 rows arranged in the vertical
direction (direction Y) and 8 columns arranged in the hori-
zontal direction (direction X), as seen from the lens unit 100
side. Color filters are put in a Bayer array. In pixels 211 of odd
rows, green and red color filters are alternately arranged from
left. In pixels 211 of even rows, blue and green color filters are
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alternately arranged from left. An on-chip microlens 2117 is
formed on each color filter. A plurality of rectangles inside the
on-chip microlens 211 are photoelectric converters 211a and
2115.

In the first embodiment, the photoelectric converter of
every pixel is split into two areas in the direction X, and a
photoelectric conversion signal in one of the split areas and a
sum of photoelectric conversion signals in the two areas can
be read independently of each other. From the independently
read signals, the difference between the sum of photoelectric
conversion signals in the two areas and the photoelectric
conversion signal in one of the split areas is calculated as a
signal corresponding to a signal obtained in the other photo-
electric conversion area. Such photoelectric conversion sig-
nals in the split areas are used as phase difference detection
signals for phase difference AF by the below-mentioned
method, and can also be used to generate a stereoscopic (3D)
image made up of a plurality of images having parallax infor-
mation. Meanwhile, the sum of photoelectric conversion sig-
nals in the two areas is used as a normal captured image.

FIG. 3 is a diagram schematically showing the structure of
the image sensor 122 including a read circuit in the first
embodiment. Reference numeral 151 indicates a horizontal
scanning circuit, and 153 indicates a vertical scanning circuit.
Vertical scan lines 152a and 1525 and horizontal scan lines
154a and 154b are arranged at the boundaries of the pixels,
and signals are read out from the photoelectric converters
211a and 21156 via these scan lines.

The image sensor 122 in the first embodiment can be driven
in the following two types of read modes that differ in reso-
Iution. The first read mode is all-pixel read mode which is a
mode for capturing a high-resolution still image. The signals
of all pixels are read in this case.

The second read mode is decimation read mode which is a
mode for recording a moving image or displaying only a
preview image. Since the number of pixels necessary in this
case is smaller than the number of all pixels, signals are read
only from pixels as a result of decimating pixels by a prede-
termined ratio in both of the directions X and Y. The decima-
tion read mode is equally used in the case where high-speed
reading is required. In the case of decimation in the direction
X, signals are added to improve the S/N. In the case of
decimation in the direction Y, signal outputs from rows to be
decimated are ignored. The focus detection in the phase dif-
ference scheme and the contrast scheme is typically per-
formed in the second read mode. In the case where more
accurate focus detection is required or a live view display is
enlarged, however, focus detection or live view display is
performed in the first read mode.

FIGS. 4A and 4B are diagrams for describing the conjugate
relation between the exit pupil plane of the imaging optical
system and the photoelectric converters of the pixel 211 at an
image height of 0, i.e. located around the center of the imag-
ing plane, in the image capturing apparatus in the first
embodiment. The photoelectric converters 211a and 2115 of
the pixel 211 in the image sensor 122 and the exit pupil plane
of the imaging optical system are designed to be in the con-
jugate relation by the on-chip microlens 211;. Typically, the
exit pupil of the imaging optical system substantially matches
a plane on which an iris diaphragm for adjusting the amount
of light is placed. The imaging optical system in the first
embodiment is a zoom lens having zoom function. Depend-
ing on the type of the imaging optical system, the distance of
the exit pupil from the imaging plane or the size of the exit
pupil changes when a zoom operation is performed. In the
imaging optical system in FIGS. 4A and 4B, the focal length
is intermediate between the wide angle end and the telephoto
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end, i.e. in the state of “middle”. Assuming this as a standard
exit pupil distance Zep, eccentric parameters corresponding
to the image height (X, Y coordinates) and the shape of the
on-chip microlens are designed optimally.

In FIG. 4A, a tube member 1015 holds the first lens group,
and a tube member 1045 holds the focus lens 104. The aper-
ture-shutter 102 has an aperture plate 102a for defining the
aperture diameter in a full open state, and an aperture blade
10254 for adjusting the aperture diameter during closing. The
tube member 1015, the aperture plate 102a, the aperture blade
1025, and the tube member 1045 which function as the mem-
ber for limiting the light beam passing through the imaging
optical system show an optical virtual image as observed
from the imaging plane. Moreover, a synthetic aperture near
the aperture-shutter 102 is defined as the exit pupil of the lens,
and the distance from the imaging plane is defined as Zep as
mentioned above.

In FIG. 4A, the pixel 211 for photoelectrically converting
the subject image is located around the center of the imaging
plane, which is hereafter referred to as a center pixel. The
center pixel 211 is composed of the following members from
the lowest layer: the photoelectric converters 211a and 2115;
wiring layers 211e to 211g; a color filter 211%; and the on-
chip microlens 211i. The two photoelectric converters 211a
and 2115 are projected on the exit pupil plane of the imaging
optical system by the on-chip microlens 211;. In other words,
the exit pupil of the imaging optical system is projected on the
surfaces of the photoelectric converters 211a and 2116
through the on-chip microlens 211i.

FIG. 4B shows the projected images of the photoelectric
converters 211a and 2115 on the exit pupil plane of the
imaging optical system. The projected images of the photo-
electric converters 211a and 2115 are EP1a and EP15, respec-
tively. In the first embodiment, the image sensor 122 can
obtain the output of one of the two photoelectric converters
211a and 2115 and the output of the sum of the two photo-
electric converters 211a and 2115, as mentioned earlier. The
output of the sum of the two photoelectric converters 211a
and 2115 corresponds to the result of photoelectrically con-
verting the light beam passing through both of the areas ofthe
projected images EP1a and EP15 which occupy substantially
the whole pupil area of the imaging optical system.

InFIG. 4A, the light beam is regulated by the aperture plate
102a of the diaphragm as represented by the outermost part L.
of'the light beam passing through the imaging optical system,
and the projected images EP1a and EP15 have substantially
no vignetting due to the imaging optical system. In FIG. 4B,
the light beam in FIG. 4A is denoted by TL. Most of the
projected images EP1a and EP1b of the photoelectric con-
verters 211a and 2115 are contained within the light beam TL
indicated by the circle, which also demonstrates that substan-
tially no vignetting occurs. Since the light beam is limited
only by the aperture plate 102a of the diaphragm, the light
beam TL is substantially equal to the aperture diameter of the
aperture plate 102a. Here, the respective vignetting states of
the projected images EP1a and EP15 are symmetric with
respect to the optical axis in the center of the imaging plane,
and the photoelectric converters 211a and 2115 receive the
same amount of light.

Thus, the microlens 2117 and the split photoelectric con-
verters 211a and 2115 pupil-split the light beam exited from
the lens unit 100. The result of concatenating and organizing
the outputs of the photoelectric converters 211a in a plurality
of pixels 211 of a predetermined range on the same row is
denoted as an AF image A, and the result of concatenating and
organizing the outputs of the photoelectric converters 2115 in
the plurality of pixels 211 of the predetermined range on the
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same row is denoted as an AF image B. As the signal of each
of the AF images A and B, a pseudo luminance (Y) signal
calculated by adding the outputs of green, red, blue, and green
of the photoelectric converters 211a or 2115 in the Bayer
array is used here. Alternatively, the AF images A and B may
be organized for each of the colors of red, blue, and green. By
detecting the relative image deviation of such generated AF
images A and B by correlation computation, it is possible to
detect the focus deviation in the predetermined area, i.e. the
defocus amount. In the first embodiment, though one of the
AF images A and B is not output from the image sensor 122,
the sum of the images A and B is output as mentioned above
and so the signal of the one of the AF images A and B can be
obtained from the difference between the output of the sum
and the output of the other one of the AF images A and B.

As described above with reference to FIGS. 2 to 4B, the
image sensor 122 includes pixels that receive light beams
passed through the exit pupil being split, so that phase differ-
ence AF can be performed using the obtained signals.

Although the above describes the structure of splitting the
exit pupil in the horizontal direction, pixels for splitting the
exit pupil in the vertical direction may also be provided in the
image sensor 122. The provision of pixels for splitting the exit
pupil in both directions enables focus detection correspond-
ing to the contrast of the subject in not only the horizontal
direction but also the vertical direction. Further, although the
above describes the case where two photoelectric converters
split each of all pixels, the three or more photoelectric con-
verters may split each pixel, and the photoelectric converters
may split a part of the pixels if phase difference AF is only
concerned.

(Description of TV-AF)

The following describes process flow of calculating vari-
ous AF evaluation values for TV-AF. FIG. 5 is a block dia-
gram mainly showing the structure of the TV-AF focus detec-
tor 130.

When a signal read from the image sensor 122 is input to
the TV-AF focus detector 130, an AF evaluation signal pro-
cessing circuit 401 extracts a green (G) signal from a Bayer
array signal, and performs a gamma correction process of
emphasizing low luminance components and suppressing
high luminance components. Although the first embodiment
describes the case where a green (G) signal is used in TV-AF,
all signals of red (R), blue (B), and green (G) may be used.
Moreover, a luminance (Y) signal may be generated using all
colors of RGB. Hence, the output signal generated by the AF
evaluation signal processing circuit 401 is hereafter referred
to as the luminance signal Y, regardless of which color is used.

The following describes a method of calculating a Y peak
evaluation value. The luminance signal Y gamma-corrected
by the AF evaluation signal processing circuit 401 is input to
aline peak detection circuit 402 for detecting a line peak value
per horizontal line. The line peak detection circuit 402 detects
a’Y line peak value per horizontal line in each focus detection
area set by an area setting circuit 413. The output of the line
peak detection circuit 402 is input to a vertical peak detection
circuit 405. The vertical peak detection circuit 405 performs
peak hold in the vertical direction in each focus detection area
set by the area setting circuit 413, to generate a Y peak
evaluation value. The Y peak evaluation value is effective for
determination of a high luminance subject or a low illumi-
nance subject.

The following describes a method of calculating a Y inte-
gral evaluation value. The luminance signal Y gamma-cor-
rected by the AF evaluation signal processing circuit 401 is
input to a horizontal integration circuit 403 for detecting an
integral value per horizontal line. The horizontal integration

10

15

20

25

30

35

40

45

50

55

60

65

10

circuit 403 calculates the integral value of the luminance
signal Y per horizontal line in each focus detection area set by
the area setting circuit 413. The output of the horizontal
integration circuit 403 is input to a vertical integration circuit
406. The vertical integration circuit 406 performs integration
in the vertical direction in each focus detection area set by the
area setting circuit 413, to generate a Y integral evaluation
value. The Y integral evaluation value enables determination
of the brightness of each focus detection area as a whole.

The following describes a method of calculating a max-
min evaluation value. The luminance signal Y gamma-cor-
rected by the AF evaluation signal processing circuit 401 is
input to the line peak detection circuit 402, to detect the Y line
peak value per horizontal line in each focus detection area.
The gamma-corrected luminance signal Y is also input to a
line minimum value detection circuit 404. The line minimum
value detection circuit 404 detects the minimum value of the
luminance signal Y per horizontal line in each focus detection
area. The detected line peak value and minimum value of the
luminance signal Y per horizontal line are input to a subtrac-
tor to calculate “(line peak value)-(minimum value)”, and
then the result is input to a vertical peak detection circuit 407.
The vertical peak detection circuit 407 performs peak hold in
the vertical direction in each focus detection area, to generate
a max-min evaluation value. The max-min evaluation value is
effective for determination of low contrast and high contrast.

The following describes a method of calculating an area
peak evaluation value. The luminance signal Y gamma-cor-
rected by the AF evaluation signal processing circuit 401 is
input to a BPF 408 to extract a specific frequency component
and generate a focus signal. The focus signal is input to a line
peak detection circuit 409 for detecting a line peak value per
horizontal line. The line peak detection circuit 409 detects a
line peak value per horizontal line in each focus detection
area. The detected line peak value is subjected to peak hold in
each focus detection area by a vertical peak detection circuit
411, to generate an area peak evaluation value. The area peak
evaluation value changes little even when the subject moves
in each focus detection area, and so is effective to determine
whether or not to shift from an in-focus state to a state for
searching for an in-focus position again.

The following describes a method of calculating an all-line
integral evaluation value. The line peak detection circuit 409
detects the line peak value per horizontal line in each focus
detection area, as in the case of the area peak evaluation value.
The line peak value is input to a vertical integration circuit
410, to perform integration for all the horizontal scan lines in
the vertical direction in each focus detection area to generate
an all-line integral evaluation value. The high-frequency all-
line integral evaluation value has a wide dynamic range and
high sensitivity because of the effect of integration, and so is
effective as a main evaluation value of TV-AF for detecting an
in-focus position. In the first embodiment, this all-line inte-
gral evaluation value that changes according to the defocus
state and is used for focus control is referred to as a focus
evaluation value.

The area setting circuit 413 generates a gate signal for each
focus detection area for selecting a signal at a predetermined
position in the screen set by the camera MPU 125. The gate
signal is input to each of the line peak detection circuit 402,
the horizontal integration circuit 403, the line minimum value
detection circuit 404, the line peak detection circuit 409, the
vertical peak detection circuits 405, 407, and 411, and the
vertical integration circuits 406 and 410. The timing at which
the luminance signal Y is input to each circuit is controlled so
that each evaluation value is generated for the luminance
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signal Y in each focus detection area. The area setting circuit
413 can set a plurality of areas in accordance with each focus
detection area.

AnAF controller 451 in the camera MPU 125 receives each
evaluation value obtained in the above-mentioned manner,
and controls the focus actuator 113 via the focus drive circuit
116 to move the focus lens 104 in the optical axis direction
OA, thus executing AF control.

In the first embodiment, each type of AF evaluation value is
calculated not only in the horizontal line direction but also in
the vertical line direction, as described above. This enables
focus detection using contrast information of the subject in
both the horizontal and vertical directions.

In TV-AF, each type of AF evaluation value mentioned
above is calculated while driving the focus lens 104, and the
focus lens position corresponding to the maximum all-line
integral evaluation value is detected to perform focus detec-
tion.

Description of Focus Detection Area

FIG. 6 is a diagram showing focus detection areas in an
imaging range. On-imaging surface phase difference AF and
TV-AF are performed in such a focus detection area based on
a signal obtained from the image sensor 122. In FIG. 6, the
dotted rectangle represents an imaging range 217 of the
image sensor 122. Three horizontal focus detection areas
218ah, 218bh, and 218ch subjected to on-imaging surface
phase difference AF are set in the imaging range 217. In the
first embodiment, the focus detection areas for on-imaging
surface phase difference AF are provided at a total of three
locations, i.e. a center part and right and left parts of the
imaging range 217. In addition, focus detection areas 219a,
21956, and 219c¢ subjected to TV-AF are formed so as to
respectively contain the three focus detection areas 218ak,
218b#h, and 218¢h for on-imaging surface phase difference
AF. In each focus detection area subjected to TV-AF, contrast
detection is performed using the focus evaluation values in
the horizontal and vertical directions as described with refer-
ence to FI1G. 5.

Although FIG. 6 shows an example where three focus
detection areas are roughly provided, the present invention is
not limited to three areas, and a plurality of areas may be
provided at any positions. In the case where the photoelectric
converters split a pixel in the direction Y, an area in which
pixels are arranged in the vertical direction may be set as the
focus detection area for on-imaging surface phase difference
AF.

Description of Focus Detection Process Flow

The following describes a focus detection (AF) process in
the first embodiment in the digital camera having the above-
mentioned structure, with reference to FIGS. 7A and 7B. The
AF process in the first embodiment is roughly as follows.
First, focus deviation (defocus amount) and reliability are
calculated by phase difference AF, for each of the focus
detection areas 218a/%, 21854, and 218¢h. The areas are clas-
sified either as an area where a defocus amount having pre-
determined reliability is obtained or an area where such a
defocus amount is not obtained. If the defocus amount having
the predetermined reliability is obtained in all of the focus
detection areas 218ah, 218bh, and 218c¢h, the focus lens 104
is driven to be in focus with the closest subject.

In the case where the defocus amount having the predeter-
mined reliability is not obtained in at least one area, whether
or not a subject is present on the closer side is determined for
the corresponding area of the focus detection areas 2194 to
219¢, using the change in focus evaluation value before and
after the focus lens is driven. In the case of determining that
the subject is present on the closer side, the focus lens 104 is
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driven based on the change in focus evaluation value obtained
by contrast AF. Here, if no focus evaluation value has been
obtained previously, the change in focus evaluation value
cannot be calculated. In such a case, when there is any area in
which the defocus amount having the predetermined reliabil-
ity greater than a predetermined defocus amount is obtained,
the focus lens 104 is driven so as to be in focus with the closest
subject from among the obtained defocus amounts. In other
cases, that is, in the case where there is no area where the
defocus amount having the predetermined reliability is
obtained and in the case where the obtained defocus amount
is not greater than a predetermined defocus amount, the lens
is driven by a predetermined amount irrespective of the defo-
cus amount. The reason that the lens is driven by the prede-
termined amount irrespective of the defocus amount in the
case where the defocus amount is small is as follows: with the
lens drive amount based on the defocus amount, there is a
high possibility that the change of the focus evaluation value
is hard to be detected in the next focus detection.

After the focus detection by one of the methods ends, the
focus detection correction value is calculated based on the
condition used during the focus detection, to correct the focus
detection result. The focus lens 104 is then driven based on the
corrected focus detection result, thus ending the focus control
process.

The following describes the above-mentioned AF process
in detail. FIGS. 7A and 7B are flowcharts showing the AF
operation of the image capturing apparatus in the first
embodiment. A control program relating to this operation is
executed by the camera MPU 125. Having started the AF
operation, the camera MPU 125 first sets each focus detection
area for focus control on a subject in step S1. It is assumed
herein that the three focus detection areas as shown in FIG. 5
are set as an example.

Next, in step S2, a closeness determination flag is set to 1.
In step S3, signals necessary for focus detection are obtained
in each focus detection area. In detail, after the image sensor
122 performs exposure, image signals of focus detection pix-
els in each of the focus detection areas 218ak, 218b4, and
218ch for on-imaging surface phase difference AF are
obtained. The image signals obtained here may be subjected
to the correction process described in Japanese Patent Laid-
Open No. 2010-117679. Further, a pixel signal in each of the
focus detection areas 219a, 2195, and 219¢ for TV-AF is
obtained to calculate a focus evaluation value. The calculated
focus evaluation value is stored in the RAM 12554.

Next, in step S4, whether or not the peak (maximum value)
ofthe focus evaluation value is detected is determined. This is
intended for the focus detection of the contrast scheme. In the
case where the reliable peak is detected, the process advances
to step S20 to end the focus detection. The reliability of the
focus evaluation value may be determined using the method
described with reference to FIGS. 10to 13 in Japanese Patent
Laid-Open No. 2010-078810.

In detail, whether or not the focus evaluation value indi-
cating the in-focus state is in concave down form is deter-
mined from the difference between the maximum and mini-
mum values of the focus evaluation value, the length of its
part sloped by a predetermined value (SlopeThr) or more, and
the gradient of the sloped part. The reliability of the peak can
be determined in this way.

In the first embodiment, phase difference AF is used, too.
Accordingly, in the case where the presence of a closer sub-
ject has been recognized in the same focus detection area or
another focus detection area, even when a reliable focus
evaluation value peak is detected, the process may advance to
step S5 without ending the focus detection. In such a case, the
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position of the focus lens 104 corresponding to the position of
the focus evaluation value peak is stored and, if a reliable
focus detection result is not obtained subsequently, the stored
position of the focus lens 104 is set as the focus detection
result. Besides, since the peak cannot be detected from the
first focus evaluation value calculation result alone, the pro-
cess advances to step S5.

In step S5, for each of the focus detection areas 218a/,
218b#h, and 218¢h for on-imaging surface phase difference
AF, the deviation (phase difference) of the obtained pair of
image signals is calculated, and the defocus amount is calcu-
lated using a pre-stored conversion factor to the defocus
amount. Here, the reliability of the calculated defocus amount
is also determined, and only the defocus amount of the focus
detection area determined to have the predetermined reliabil-
ity is used in the subsequent AF process. Due to vignetting by
the imaging lens unit, the deviation of the detected pair of
image signals contains more error as the defocus amount
increases. Therefore, in the case where the calculated defocus
amount is large, the degree of consistency in form between
the pair of image signals is low, or the contrast of the pair of
image signals is low, it is determined that high-accuracy focus
detection is impossible, i.e. the reliability of the calculated
defocus amount is low. Hereafter, the case where the calcu-
lated defocus amount has the predetermined reliability is
phrased as “the defocus amount is calculated”, and the case
where the defocus amount cannot be calculated for some
reason or the reliability of the calculated defocus amount is
low is phrased as “the defocus amount cannot be calculated”.

Next, in step S6, whether or not the defocus amount can be
calculated in all of the plurality of focus detection areas
218ah, 218bh, and 218ch set in step S1 is determined. In the
case where the defocus amount can be calculated in all of the
focus detection areas, the process advances to step S20, and a
best point (BP) correction value is calculated for the focus
detection area in which the defocus amount indicating the
closest subject from among the calculated defocus amounts is
calculated. The reason for selecting the closest subject is that,
in general, the subject which the photographer wants to focus
on tends to be present on the close side. The BP correction
value is a value for correcting the difference between the
in-focus position of an image to be recorded and the focus
detection result.

The following three main factors are known to cause the
difference between the in-focus position of the image to be
recorded and the focus detection result. The first factor is the
error (hereafter referred to as “spatial frequency BP”) result-
ing from the difference between the spatial frequency band
for evaluation of the in-focus state of the image to be recorded
and the frequency band for evaluation of the focus detection
signal. This error occurs in the case where the imaging optical
system has spherical aberration. The second factor is the error
(hereafter referred to as “color BP”) resulting from the dif-
ference between the color for evaluation during viewing of
the image to be recorded and the color used in the focus
detection signal. This error occurs in the case where the
imaging optical system has chromatic aberration. The third
factor is the error (hereafter referred to as “vertical/horizontal
BP”) resulting from the difference between the contrast direc-
tion for evaluation during viewing of the image to be recorded
and the contrast direction for evaluation of the focus detection
signal. This error occurs in the case where the imaging optical
system has astigmatism.

The correction value for correcting the error caused by the
above-mentioned factors is the BP correction value. As is
clear from the cause of occurrence, the correction amount
differs depending on the aberration occurrence situation, and
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so the correction value corresponding to the property of the
imaging optical system is necessary. The correction value
according to the property of the focus detection signal is also
necessary. In the first embodiment, the necessary correction
amount differs depending on whether the focus detection is
performed in the first read mode or the second read mode and
whether on-imaging surface phase difference AF or TV-AF is
performed. In the first embodiment, the BP correction values
in the other cases are simply calculated from the BP correc-
tion value in the case of performing on-imaging surface phase
difference AF in the second read mode, to reduce storage
space for the BP correction values. The cost or computation
load of the image capturing apparatus can thus be reduced.
The method of calculating the BP correction value will be
described in detail later.

Next, in step S21, the focus detection result DEF_B is
corrected by the following expression (1) using the BP cor-
rection value calculated in step S20, to calculate DEF_A:

DEF_4=DEF_B+BP ).

In step S22, the focus lens 104 is driven based on the
corrected defocus amount DEF_A calculated using expres-
sion (1) (in-focus control).

Next, in step S23, an in-focus indication is displayed on the
display 126 with respect to the focus detection area in which
the defocus amount used for driving the focus lens 104 is
calculated, thus ending the AF process.

In the case where the defocus amount cannot be calculated
in at least one focus detection area in step S6, the process
advances to step S7 in FIG. 7B. In step S7, whether or not the
closeness determination flag is 1 is determined. The closeness
determination flag is a flag that is 1 in the case where no lens
drive operation has been performed from the start of the AF
operation, and 0 in the case where at least one lens drive
operation has been performed. In the case where the closeness
determination flag is 1, the process advances to step S8.

In step S8, in the case where the defocus amount cannot be
calculated in any of the focus detection areas or the defocus
amount indicating the presence of the closest subject from
among the calculated defocus amounts is less than or equal to
apredetermined threshold A, the process advances to step S9.
In step S9, the focus lens 104 is driven by a predetermined
amount to the close side.

The reason for driving the focus lens 104 by the predeter-
mined amount in the case where step S8 results in Yes is as
follows. The case where the defocus amount cannot be cal-
culated in any of the plurality of focus detection areas corre-
sponds to the case where a subject to be focused on is cur-
rently not found. Accordingly, before determining that the
in-focus operation is impossible, the lens is driven by the
predetermined amount to check the presence of the subject to
be focused on in all focus detection areas, thus enabling
determination of the below-mentioned focus evaluation value
change. On the other hand, the case where the defocus amount
indicating the presence of the closest subject from among the
calculated defocus amounts is less than or equal to the pre-
determined threshold A corresponds to the case where there is
afocus detection area substantially in the in-focus state at that
point in time. In such a situation, the lens is driven by the
predetermined amount to confirm the possibility that the sub-
ject currently not detected at that point in time is present on
the closer side in the focus detection area in which the defocus
amount cannot be calculated, thus enabling determination of
the below-mentioned focus evaluation value change. The lens
drive amount used here may be set in view of the sensitivity of
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the focus movement amount on the image sensor surface with
respect to the lens drive amount or the F value of the imaging
optical system.

In the case where step S8 results in No, that is, in the case
where the defocus amount indicating the presence of the
closest subject from among the calculated defocus amounts is
greater than the predetermined threshold A, the process
advances to step S10. This is the case where there is the focus
detection area in which the defocus amount is calculated but
the focus detection area is not in the in-focus state. Hence, in
step S10, the lens is driven based on the defocus amount
indicating the presence of the closest subject from among the
calculated defocus amounts.

After the lens is driven in step S9 or S10, the process
advances to step S11 to set the closeness determination flag to
0, and then returns to step S3 in FIG. 7A.

In the case where the closeness determination flag is not 1
(i.e. the closeness determination flag is 0) in step S7, the
process advances to step S12. In step S12, whether or not the
focus evaluation value of the TV-AF focus detection area
corresponding to the focus detection area in which the defo-
cus amount cannot be calculated has changed by a predeter-
mined threshold B or more before and after the lens is driven
is determined. While the focus evaluation value may increase
or decrease, whether or not the absolute value of the change of
the focus evaluation value is not less than the predetermined
threshold B is determined here.

The case where the absolute value of the change of the
focus evaluation value is not less than the predetermined
threshold B in step S12 means that, while the defocus amount
cannot be calculated, the change of the blurring state of the
subject can be detected based on the increase/decrease of the
focus evaluation value. Thus, in the first embodiment, even in
the case where the defocus amount according to on-imaging
surface phase difference AF cannot be detected, the AF pro-
cess is continued with the presence of the subject being deter-
mined based on the increase/decrease of the focus evaluation
value. This enables focus control for a subject whose defocus
amount is large and cannot be detected by on-imaging surface
phase difference AF.

The predetermined threshold B used in the determination is
changed according to the moving amount of the focus lens
104 (lens drive amount). In the case where the lens drive
amount is large, a larger value is set as the threshold B. In the
case where the lens drive amount is small, a smaller value is
set as the threshold B. This is because, in the case where a
subject is present, the amount of change of focus evaluation
value increases with an increase in lens drive amount. The
threshold B for each lens drive amount is stored in the
EEPROM 125c¢.

In the case where the absolute value of the change of the
focus evaluation value is not less than the predetermined
threshold B, the process advances to step S13, to determine
whether or not a focus detection area indicating the presence
of'a subject on the infinite side is the only focus detection area
in which the change of the focus evaluation value is not less
than the threshold. The case where the focus detection area
indicates the presence of a subject on the infinite side corre-
sponds to the case where the focus evaluation value decreases
when the lens drive direction is the close direction or the focus
evaluation value increases when the lens drive direction is the
infinite direction.

In the case where the focus detection area indicating the
presence of the subject on the infinite side is not the only focus
detection area in which the change of the focus evaluation
value is not less than the threshold B, the process advances to
step S14, and the lens is driven by the predetermined amount
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to the close side. This is because the focus detection areas in
which the change of the focus evaluation value is not less than
the threshold B include a focus detection area indicating the
presence of a subject on the close side. The reason for giving
priority to the close side is as described above.

In the case where the focus detection area indicating the
presence of the subject on the infinite side is the only focus
detection area in which the change of the focus evaluation
value is not less than the threshold B in step S13, the process
advances to step S15. In step S15, whether or not there is a
focus detection area in which a defocus amount is calculated
is determined. In the case where there is the focus detection
area in which the defocus amount is calculated (step S15:
Yes), the result of on-imaging surface phase difference AF is
given priority over the presence of the subject on the infinite
side according to the focus evaluation value, and so the pro-
cess advances to step S20 in FIG. 7A.

In the case where there is no focus detection area in which
the defocus amount is calculated (step S15: No), the change
of the focus evaluation value is the only information indicat-
ing the presence of the subject, and so the lens is driven by the
predetermined amount to the infinite side using the informa-
tion in step S16. After driving the lens by the predetermined
amount to the infinite side, the process returns to step S3 in
FIG. 7A.

The lens drive amount used in steps S14 and S16 may be
determined based on the defocus amount detectable in on-
imaging surface phase difference AF. While the detectable
defocus amount differs depending on the subject, such a lens
drive amount that does not cause the subject to be passed
through undetected by the lens drive from the state where the
focus detection is impossible is set beforehand.

In the case where the absolute value of the change of the
focus evaluation value is less than the predetermined thresh-
0ld B (step S12: No), the process advances to step S17. In step
S17, whether or not there is a focus detection area in which a
defocus amount is calculated is determined. In the case where
there is no focus detection area in which the defocus amount
is calculated, the process advances to step S18 to drive the
lens to a predetermined fixed point, and then advances to step
S19 to display an out-of-focus indication on the display 126,
thus ending the AF process. This is the case where there is no
focus detection area in which a defocus amount is calculated
and also there is no focus detection area in which the focus
evaluation value changes before and after lens drive. In such
acase, no information indicating the presence of the subject is
available, so thatthe AF process ends on the ground that focus
control is impossible.

In the case where there is the focus detection area in which
the defocus amount is calculated in step S17, the process
advances to step S20 in FIG. 7A, and the detected defocus
amountis corrected (step S21). In step S22, the focus lens 104
is driven to the in-focus position. After this, in step S23, an
in-focus indication is displayed on the display 126, thus end-
ing the AF process.

BP Correction Value Calculation Method

The following describes the BP correction value calcula-
tion method performed in step S20 in F1G. 7A, with reference
to FIGS. 8 and 9. FIG. 8 shows a subroutine of process flow
for calculating the BP correction value, which is the detailed
process in step S20 in FIG. 7A.

In step S100, BP correction information is obtained. The
BP correction value which is the difference between the focus
detection result and the in-focus position of the image to be
recorded is different depending on the aberration situation of
the imaging optical system or the property of the focus detec-
tion signal used, as mentioned above. The aberration property
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of the imaging optical system varies depending on the com-
bination of (1) the focus control state S (focus state, zoom
state) of the imaging optical system, (2) the aperture value F
of the imaging optical system, (3) the exit pupil distance PD
of the imaging optical system, etc. Meanwhile, the property
of the focus detection signal varies depending on the combi-
nation of (4) the image height H of the image sensor in the
focus detection area, (5) the set pupil distance D of the image
sensor, (6) the pixel size P of the imaging pixel or focus
detection pixel, etc.

In step S100, the focus control state S, aperture value F, and
exit pupil distance PD of the imaging optical system are
obtained via the lens MPU 117 as a part of the BP correction
information, in response to a request by the camera MPU 125.
Information of the set pupil distance D of the image sensor
122 and the pixel size P of the imaging pixel stored in the
camera MPU 125 is also obtained as the other BP correction
information.

In the first embodiment, the BP correction value is calcu-
lated using the above-mentioned variables indicating the
aberration situation of the imaging optical system and vari-
ables indicating the property of the focus detection signal. In
the first embodiment, the camera MPU 125 calculates the BP
correction value, using variables that differ depending on the
possible focus detection method and the read mode of the
image sensor 122.

In step S101, the focus detection method and the read mode
of the image sensor 122 when the reliable focus detection
result is obtained as a result of the above-mentioned process
of steps S1 to S17 are set. In the first embodiment, there are
the following four cases.

Case (1): the focus detection of the on-imaging surface
phase difference detection scheme in the first read mode.

Case (2): the focus detection of the on-imaging surface
phase difference detection scheme in the second read mode.

Case (3): the focus detection of the contrast scheme in the
first read mode.

Case (4): the focus detection of the contrast scheme in the
second read mode.

In step S101, one of the above-mentioned four cases that is
used for the currently obtained focus detection result is set.

Next, in step S102, the BP correction value according to the
state set in step S101 is calculated. The correction value
calculation method is described in detail below. In the same
aberration situation of the imaging optical system, the abso-
Iute value of the BP correction value is largestin case (2) from
among the above-mentioned four cases. This is because the
read mode in case (2) is different from that in case (1) and so
the spatial frequency band for evaluation of the focus detec-
tion signal is low. Moreover, though case (2) has the read
mode as case (4), the error specific to phase difference detec-
tion occurs in on-imaging surface phase difterence AF, and
accordingly the same or more error arises as compared with
TV-AF. Further, in case (3), the absolute value of the BP
correction value is smallest in view of both the read mode and
the focus detection scheme. Although the first embodiment
describes the structure of calculating the BP correction value
in each of the above-mentioned four cases, correction may be
performed only in a part depending on the magnitude of the
BP correction value. In the first embodiment, correction is
performed so that the correction error in the case where the
absolute value of the BP correction value can be largest is
reduced. With respect to permissible focus deviation calcu-
lated from a permissible circle of confusion, a permissible BP
correction error can be set in view of other error factors. In the
case where the correction amount calculated as the BP cor-
rection value is smaller than the permissible BP correction
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error, the calculation of the BP correction value may be omit-
ted to reduce the computation complexity.

Inthe first embodiment, correction is performed so that the
correction error in the case where the absolute value of the BP
correction value can be largest is reduced. In the case where
the absolute value of the BP correction value is large, the BP
correction error cannot fall within the permissible range
unless the correction is performed with favorable correction
accuracy. Typically, the correction error tends to be larger
when the amount to be corrected is larger. Hence, in this
embodiment, correction value computation for obtaining a
high-accuracy correction value is performed so that the cor-
rection error in the case (case (2)) where the absolute value of
the BP correction value is largest is reduced.

The calculation methods of the BP correction values (BP1,
BP2, BP3, and BP4) corresponding to the above-mentioned
four cases are described below. The calculation method of the
BP correction value BP2 in case (2) where the absolute value
of the BP correction value is largest will be described first.
First, in step S101, six correction value calculation coeffi-
cients are selected in accordance with five variables S, F, PD,
D, and P of the above-mentioned six variables using the
information obtained via the lens MPU 117 and the informa-
tion obtained within the camera MPU 125. Note that the
coefficients are stored in the RAM 1255 in the camera MPU
125 beforehand. The selected six correction value calculation
coefficients are expressed as CO(S, F, PD, D, P), C1(S, F, PD,
D, P), C2(S,F,PD, D, P), C3(S, F, PD, D, P), C4(S, F, PD, D,
P), and C5(S, F, PD, D, P).

The correction value calculation coefficients may be stored
in the lens memory 118. In this case, the camera MPU 125
may transmit the information about the property of the focus
detection signal to the lens MPU 117 by communication, as a
result of which the lens MPU 117 transmits the six correction
value calculation coefficients to the camera MPU 125
together with the information in the lens memory 118.

Next, the BP correction value BP2 corresponding to the
image height H of the focus detection area, which is set as an
image height (x, y) on the image sensor, is calculated by
expression (2):

BP2=Cy+C 2 +Co3°+Cyx*+C o2y + C 5yt 2).

The BP correction value in case (2) is calculated according
to expression (2). Since case (2) is the case where the absolute
value of the BP correction value is largest as mentioned
earlier, the correction error is likely to be large. Accordingly,
the BP correction value BP2 is calculated with priority using
an approximation of expression (2) so as to reduce the error
for each type of variable for determining the BP correction
value BP2.

The calculation methods of the BP correction values BP1,
BP3, and BP4 respectively in cases (1), (3), and (4) will be
described next. These BP correction values are calculated in
a simple manner using the value of BP2 obtained by expres-
sion (2), since the BP correction amount is small as compared
with case (2). When calculating the correction values, two
offset components and one gain component are selected
according to two variables S and F from among the above-
mentioned six variables, for each of cases (1), (3), and (4).
The selected offset components O, (S, F), O,(S, F), O5(S, F),
0,(8, F), O4(S, F), and O4(S, F) and gain components G, (S,
F), G,(S, F), and G4(8, F) are then used to perform adjust-
ment. These offset components and gain components are
either stored in the camera MPU 125, or stored in the lens
memory 118, and the camera MPU 125 obtains the informa-
tion by communication.

BP1=(BP2-0,)xG,+0, 3)
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BP3=(BP2-03)xG+0, )

BPA=(BP2-05)xG+04 ).

Although the first embodiment describes the case where
adjustment is performed using the offset components O, to
Og4 and the gain components G, to G5 as values unchanged
depending on the image height, variables different depending
onthe image height may be used with an approximation or the
like.

As noted above, the main factors of the occurrence of the
BP correction amount are the spatial frequency BP, the color
BP, and the vertical/horizontal BP. In the case of the same
imaging optical system, if the color used in the focus detec-
tion signal is the same, the amounts of the color BP and the
vertical/horizontal BP are unchanged even when the focus
detection method or the read mode of the image sensor 122 is
different. The offset components are accordingly used to
mainly adjust the error caused by these two factors. Mean-
while, the spatial frequency BP changes in amount depending
on the spatial frequency band for evaluation of the focus
detection signal, and so changes in value when the read mode
of the image sensor 122 changes. The amount of the spatial
frequency BP is larger when the pixel pitch increases or the
frequency band for evaluation of the band-pass filter pro-
cessed in the focus detection signal is lowered due to the
difference of the read mode of the image sensor 122. Hence,
the amount of the spatial frequency BP included in the BP
correction value BP2 is reduced by multiplication by a value
not greater than 1 in absolute value as a gain component, to
calculate the BP correction values BP1, BP3, and BP4.

The method of accurately calculating the BP correction
value BP3 from the BP correction value BP2 is described
below with reference to FIG. 9. FIG. 9 shows the BP correc-
tion amounts of the BP correction value BP2 and BP correc-
tion value BP3. The BP correction value BP2 is represented as
the sum of a vertical/horizontal BP2-1, a color BP2-2, and a
spatial frequency BP2-3. The BP correction value BP3 is
represented as the sum of a vertical/horizontal BP3-1, a color
BP3-2, and a spatial frequency BP3-3.

While the focus detection scheme or the read mode of the
image sensor 122 is different, the amount of the vertical/
horizontal BP is substantially unchanged, so that the vertical/
horizontal BP2-1 and the vertical/horizontal BP3-1 are sub-
stantially the same amount. FIG. 9 shows the case where, as
the focus detection signal, the luminance signal Y is used in
on-imaging surface phase difference AF and the G (green)
signal is used in TV-AF. The color BP3-2 is therefore larger in
value than the color BP2-2. Moreover, since the read mode of
the image sensor 122 is different, with regard to the spatial
frequency BP, the spatial frequency BP2-3 is larger in value
than the spatial frequency BP3-3.

To calculate the BP correction value BP3 from the BP
correction value BP2 in such a case, the offset component O
can be set to the value corresponding to the sum of the verti-
cal/horizontal BP2-1 and the color BP 2-2. The gain compo-
nent G, can be set to the value corresponding to the ratio of the
spatial frequency BP3-3 to the spatial frequency BP2-3. Fur-
thermore, the offset component O, can be set to the value
corresponding to the sum of the vertical/horizontal BP3-1 and
the color BP3-2. By use of these offset components and gain
component, the BP correction value BP3 can be corrected
with sufficiently high accuracy according to expression (4).

In the case where, for example, the color used for the focus
detection signal is the same or the vertical/horizontal BP
correction value is small, the two offset components used
when calculating the BP correction values BP1, BP3, and
BP4 may have the same values.
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In step S102, the BP correction value corresponding to the
focus detection method and read mode set in step S101 is
calculated by the above-mentioned methods.

Since the BP correction values BP1, BP3, and BP4 are
simply calculated in this way, the accuracy of the BP correc-
tion value is lower than that of BP2. However, given that the
necessary BP correction amount is small, its influence on the
focus detection accuracy is small, and focus detection with
sufficiently high accuracy can be carried out. Moreover, the
offset components and the gain components are the only
information necessary for calculating the BP correction val-
ues BP1, BP3, and BP4, with it being possible to reduce the
storage space for data and the BP correction value computa-
tion load.

Although the gain component is desirably used to calculate
a smaller BP correction value by multiplication by a value not
greater than 1, the BP correction value calculation method is
not limited to this. In the case where the imaging situation is
dark, for example, the S/N ratio of the focus detection signal
deteriorates, and accordingly the spatial frequency band for
evaluation of the focus detection signal may be lowered to
improve the S/N ratio. In such a case, the spatial frequency BP
increases in amount, and a value greater than 1 may beused as
a gain component in multiplication for the correction.

Although the above describes the case where the calcula-
tion of the correction value is mainly performed by the cam-
era MPU 125, the present invention is not limited to this. For
example, the calculation of the correction value may be per-
formed by the lens MPU 117. In this case, each type of
information may be transmitted from the camera MPU 125 to
the lens MPU 117, to calculate the BP correction value in the
lens MPU 117. Then, in step S22 in FIG. 7A, the in-focus
position transmitted from the camera MPU 125 may be cor-
rected by the lens MPU 117 to drive the lens.

The first embodiment describes the case where the BP
correction values BP1, BP3, and BP4 in cases (1), (3), and (4)
are simply calculated using, as a reference correction value,
the BP correction value in case (2) where the error caused by
the property of the imaging optical system is most likely to
occur. However, the present invention is not limited to this.
For example, a reference correction value may be obtained for
a predetermined combination from among the combinations
of the plurality of read methods and the plurality of focus
detection methods supported by the image capturing appara-
tus. In such a case, the BP correction values for the other
combinations may be simply calculated using the offset com-
ponents and the gain components as mentioned above.

Second Embodiment

The following describes a second embodiment of the
present invention with reference to FIG. 10. The main differ-
ence from the first embodiment lies in that the focus detection
scheme, the read mode of the image sensor, etc. are different
between a plurality of types of camera bodies. In the first
embodiment, the plurality of focus detection schemes and
image sensor read modes are available in one type of camera
body, and the focus detection result is corrected using the BP
correction value corresponding to each focus detection
scheme and image sensor read mode. In the second embodi-
ment, BP correction can be performed in cameras that differ
in the focus detection scheme or image sensor read mode.

The basic structure, focus detection scheme, focus detec-
tion process, and BP correction value calculation methods of
the image capturing apparatus in the second embodiment are
the same as those in the foregoing first embodiment, and so
their description are omitted.
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The following describes information communicated
between the lens unit of the image capturing system and a
plurality of types of removable camera bodies in the second
embodiment. The plurality of types of camera bodies are
hereafter referred to as camera bodies 120a, 1205, and 120c.

FIG. 10 shows the lens unit 100 and the removable camera
bodies 120a, 1205, and 120c¢ in the image capturing system.
The lens memory 118 in the lens unit 100 stores the six
correction value calculation coefficients (C, to C,) used in
expression (2) in the first embodiment and the offset compo-
nents and gain components (O, to O,, G,, G,) corresponding
to the focus detection schemes and image sensor read modes,
as coefficients for calculating the BP correction values.

It is assumed that the camera body 120a performs on-
imaging surface phase difference AF in the second read
mode. In addition, it is assumed that the camera body 1205
performs on-imaging surface phase difference AF in the first
read mode, and the camera body 120¢ performs TV-AF in the
first read mode.

In the case where the lens unit 100 is attached to the camera
body 120a, the camera MPU 125 in the camera body 120a
obtains the correction value calculation coefficients (C, to Cs)
by communication, upon calculating the BP correction value.
The camera MPU 125 then calculates the BP correction value
by expression (2) in the first embodiment.

In the case where the lens unit 100 is attached to the camera
body 1205, the camera MPU 125 in the camera body 1205
obtains the correction value calculation coefficients (C, to Cs)
and the offset components and gain component (O,, O,, G,)
by communication, upon calculating the BP correction value.
The camera MPU 125 then calculates and adjusts the BP
correction value by expressions (2) and (3) in the first
embodiment.

In the case where the lens unit 100 is attached to the camera
body 120c¢, the camera MPU 125 in the camera body 120c¢
obtains the correction value calculation coefficients (C, to Cs)
and the offset components and gain component (O;, O,, G,)
by communication, upon adjusting the BP correction value.
The camera MPU 125 then calculates the BP correction value
by expressions (2) and (4) in the first embodiment.

Thus, even in the case where any of a plurality of types of
camera bodies is attached to one lens unit, high-accuracy BP
correction can be carried out by a relatively simple structure.

Although the foregoing first and second embodiments
describe the case where the BP correction value is calculated
depending on the combination of the read mode and the focus
detection method, the BP correction value may be calculated
depending on only the focus detection method.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-114371, filed on Jun. 2, 2014 which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image capturing apparatus comprising:

a focus detection unit configured to detect,

based on a signal output from an image sensor, a focus

evaluation value for controlling an imaging optical sys-
tem to be in an in-focus state using one of a plurality of
different focus detection methods;

a correction unit configured to correct the focus evaluation

value in accordance with the focus detection method
used for the detection; and
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a storage unit configured to store information for calculat-
ing a reference correction value for correcting a focus
evaluation value detected using a predetermined focus
detection method from among the plurality of different
focus detection methods, and information for calculat-
ing, from the reference correction value, a correction
value for correcting a focus evaluation value detected
using a focus detection method other than the predeter-
mined focus detection method from among the plurality
of different focus detection methods,

wherein the correction unit is configured to calculate a
correction value for correcting the focus evaluation
value using the information stored in the storage unit,
and correct the focus evaluation value using the calcu-
lated correction value.

2. The image capturing apparatus according to claim 1,
wherein the information for calculating the reference correc-
tion value is information different between the plurality of
focus detection methods depending on a property of the
image sensor and a state of the imaging optical system during
image capturing, and the information for calculating the cor-
rection value is information different between the plurality of
focus detection methods depending on the state of the imag-
ing optical system during image capturing.

3. The image capturing apparatus according to claim 2,
wherein the predetermined focus detection method is a focus
detection method in which a difference between a position of
the imaging optical system controlled based on the focus
evaluation value and a position of the imaging optical system
in the case where an image formed by the signal output from
the image sensor is in focus is most likely to occur.

4. The image capturing apparatus according to claim 1,
wherein the correction unit is further configured to calculate
the reference correction value based on an image height of a
focus detection area subjected to focus detection.

5. The image capturing apparatus according to claim 2,
wherein the property of the image sensor includes at least one
of a pupil distance set in the image sensor and a pixel size of
the image sensor.

6. The image capturing apparatus according to claim 2,
wherein the state of the imaging optical system includes at
least one of a focus control state, an aperture value, and an exit
pupil distance.

7. The image capturing apparatus according to claim 1,
wherein the image sensor includes a plurality of pixels each
includes a plurality of photoelectric converters for one micro-
lens and outputs signals for phase difference detection, and

the plurality of focus detection methods used in the focus
detection unit include a focus detection method of a
phase difference scheme performed based on the signals
for phase difference detection.

8. The image capturing apparatus according to claim 1,
wherein the plurality of focus detection methods used in the
focus detection unit include a focus detection method of a
contrast scheme performed based on a contrast of the signal
obtained from the image sensor.

9. An image capturing apparatus comprising:

an image sensor readable at different resolutions;

a focus detection unit configured to detect, based on a
signal output from the image sensor, a focus evaluation
value for controlling an imaging optical system to be in
an in-focus state using one of a plurality of different
focus detection methods;

a correction unit configured to correct the focus evaluation
value in accordance with a combination of a resolution
during image capturing and the focus detection method
used for the detection; and
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a storage unit configured to store information for calculat-
ing a reference correction value for correcting a focus
evaluation value detected using a predetermined combi-
nation from among a plurality of combinations of the
different resolutions and the plurality of different focus
detection methods, and information for calculating,
from the reference correction value, a correction value
for correcting a focus evaluation value detected using a
combination other than the predetermined combination
from among the plurality of combinations of the differ-
ent resolutions and the plurality of different focus detec-
tion methods,

wherein the correction unit is configured to calculate a
correction value for correcting the focus evaluation
value using the information stored in the storage unit,
and correct the focus evaluation value using the calcu-
lated correction value.

10. The image capturing apparatus according to claim 9,
wherein the information for calculating the reference correc-
tion value is information different between the plurality of
combinations depending on a property of the image sensor
and a state of the imaging optical system during image cap-
turing, and the information for calculating the correction
value is information different between the plurality of com-
binations depending on the state of the imaging optical sys-
tem during image capturing.

11. The image capturing apparatus according to claim 10,
wherein the predetermined combination is a combination in
which a difference between a position of the imaging optical
system controlled based on the focus evaluation value and a
position of the imaging optical system in the case where an
image formed by the signal output from the image sensor is in
the in-focus state is most likely to occur.

12. The image capturing apparatus according to claim 9,
wherein the correction unit is further configured to calculate
the reference correction value based on an image height of a
focus detection area subjected to focus detection.

13. The image capturing apparatus according to claim 10,
wherein the property of the image sensor includes at least one
of a pupil distance set in the image sensor and a pixel size of
the image sensor.

14. The image capturing apparatus according to claim 10,
wherein the state of the imaging optical system includes at
least one of a focus control state, an aperture value, and an exit
pupil distance.

15. The image capturing apparatus according to claim 9,
wherein the image sensor includes a plurality of pixels each
includes a plurality of photoelectric converters for one micro-
lens and outputs signals for phase difference detection, and

the plurality of focus detection methods used in the focus
detection unit include a focus detection method of a
phase difference scheme performed based on the signal
for phase difference detection.

16. The image capturing apparatus according to claim 9,
wherein the plurality of focus detection methods used in the
focus detection unit include a focus detection method of a
contrast scheme performed based on a contrast of the signal
obtained from the image sensor.

17. An image capturing system comprising an imaging
optical system and an image capturing apparatus, wherein the
image capturing apparatus includes:

a focus detection unit configured to detect, based on a
signal output from an image sensor, a focus evaluation
value for controlling the imaging optical system to be in
an in-focus state; and
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a correction unit configured to correct the focus evaluation
value in accordance with a focus detection method used
for the detection,

the imaging optical system includes

a storage unit configured to store information for calculat-
ing a reference correction value for correcting a focus
evaluation value detected using a predetermined focus
detection method from among a plurality of different
focus detection methods, and information for calculat-
ing, from the reference correction value, a correction
value for correcting a focus evaluation value detected
using a focus detection method other than the predeter-
mined focus detection method from among the plurality
of different focus detection methods,

wherein the imaging optical system outputs, from among
the information stored in the storage unit, information
corresponding to the focus detection method used for the
detection by the focus detection unit, to the image cap-
turing apparatus, and

the correction unit is configured to calculate a correction
value for correcting the focus evaluation value using the
information output from the imaging optical system, and
correct the focus evaluation value using the calculated
correction value.

18. An image capturing system comprising an imaging
optical system and an image capturing apparatus, wherein the
image capturing apparatus includes:

an image sensor readable at different resolutions;

a focus detection unit configured to detect,

based on a signal output from the image sensor, a focus
evaluation value for controlling the imaging optical sys-
tem to be in an in-focus state; and

a correction unit configured to correct the focus evaluation
value in accordance with a resolution during image cap-
turing and a focus detection method used for the detec-
tion,

the imaging optical system includes

a storage unit configured to store information for calculat-
ing a reference correction value for correcting a focus
evaluation value detected using a predetermined combi-
nation from among a plurality of combinations of dif-
ferent resolutions and plurality of different focus detec-
tion methods, and information for calculating, from the
reference correction value, a correction value for cor-
recting a focus evaluation value detected using a com-
bination other than the predetermined combination from
among the plurality of combinations of different resolu-
tions and plurality of different focus detection methods,

wherein the imaging optical system outputs, from among
the information stored in the storage unit, information
corresponding to the combination used in the image
capturing apparatus, to the image capturing apparatus,
and

the correction unit is configured to calculate a correction
value for correcting the focus evaluation value using the
information output from the imaging optical system, and
correct the focus evaluation value using the calculated
correction value.

19. A control method of an image capturing apparatus,

comprising:

detecting, based on a signal output from an image sensor, a
focus evaluation value for controlling an imaging optical
system to be in an in-focus state using one of a plurality
of different focus detection methods;

obtaining information corresponding to the focus detection
method used for the detection of the focus evaluation
value from a storage unit storing information for calcu-
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lating a reference correction value for correcting a focus
evaluation value detected using a predetermined focus
detection method from among the plurality of different
focus detection methods and information for calculat-
ing, from the reference correction value, a correction
value for correcting a focus evaluation value detected
using a focus detection method other than the predeter-
mined focus detection method from among the plurality
of different focus detection methods;

calculating a correction value for correcting the focus

evaluation value using the obtained information; and
correcting the detected focus evaluation value using the
calculated correction value.

20. The control method of an image capturing apparatus
according to claim 19, wherein the information is obtained
from the storage unit included in the imaging optical system.

21. A control method of an image capturing apparatus,
comprising:

detecting, based on a signal output from an image sensor

readable at different resolutions, a focus evaluation
value for controlling an imaging optical system to be in
an in-focus state using one of a plurality of different
focus detection methods;
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obtaining information corresponding to a combination
used for the detection of the focus evaluation value from
a storage unit storing information for calculating a ref-
erence correction value for correcting a focus evaluation
value detected using a predetermined combination from
among a plurality of combinations of the different reso-
Iutions and the plurality of different focus detection
methods and information for calculating, from the ref-
erence correction value, a correction value for correcting
a focus evaluation value detected using a combination
other than the predetermined combination from among
the plurality of combinations of the different resolutions
and the plurality of different focus detection methods;

calculating a correction value for correcting the focus
evaluation value using the obtained information; and

correcting the detected focus evaluation value using the
calculated correction value.

22. The control method of an image capturing apparatus

20 according to claim 21, wherein the information is obtained

from the storage unit included in the imaging optical system.
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